Chronic inflammation is present in almost every biopsy of patients with chronic kidney disease. It is independent of the cause of kidney injury and can be detected in acute kidney failure and chronic kidney allograft nephropathy, autoimmune diseases like lupus nephritis or granulomatosis with polyangiitis, and even diabetic nephropathy. Chronic inflammation does not seem to be triggered by pathogens be it viruses, bacteria, or bacterial products (Leemans et al. 2014) .
During the last few years, numerous endogenous ligands have been identified that can bind to damage-associated molecular patterns (DAMPs) and trigger inflammation by activating nuclear factor kappa b and secreting cytokines and chemokines (Leemans et al. 2014) . The resulting kidney tissue damage is associated with the release of more endogenous ligands and, therefore, ends in a self-sustaining vicious circle. The idea of blocking a crucial molecule in the innate immunity pathway namely interleukin-1 receptor-associated kinase 4 (IRAK-4) is, therefore, a reasonable attempt to ameliorate kidney damage.
In this issue of Naunyn-Schmiedeberg's Archives of Pharmacology, Kondo et al. report their experience with the use of a novel IRAK-4 inhibitor in a rat model of 5/6 nephrectomy (Kondo et al. 2014) . In their remnant kidney model, ablation of one kidney to reduce renal mass is followed by unilateral nephrectomy. Consecutively, the rat develops clinical signs of chronic kidney disease (CKD) with rising creatinine, development of hypertension, and proteinuria (Kliem et al. 1996) . Along with this clinical deterioration of kidney function, glomerular scarring, tubular atrophy, fibrosis, and infiltration of immune cells are observed. Similar models have been used extensively to understand the progression of chronic kidney disease and to test the influence of pharmacological intervention on its course. Kondo et al. (2014) use a novel IRAK-4 inhibitor in this model. The inhibitor blocks downstream pathways of the Tolllike receptors (TLRs) and IL-1 and IL-18 receptors and, therefore, interferes significantly with the innate immune system. Because IRAK-4 is the only molecule of the IRAK family that is indispensable for this pathway, it is a very promising target to block inflammation not only in the kidney as the TLR pathway is present in nearly every cell of the body (Wang et al. 2009 ).
Is AS2444697 able to significantly block inflammation?
In a sepsis model with intraperitoneal injection of LPS AS2444697, Kondo et al. (2014) report a significant reduction of systemic inflammatory markers that is clearly dose-dependent. Unfortunately, there is no experimental group that examined overall survival. In conclusion, we can notice that AS2444697 is able to reduce systemic inflammation after administration of an exogenous TLR 4 ligand.
Is AS2444697 able to ameliorate chronic progressive kidney disease in a remnant kidney model?
Looking at the creatinine clearance, there is a significant amelioration of excretory kidney function, at least in the high-dose group. Considering the rather low size of the experimental groups with six to eight animals, one might even think the effect could be present also in the low-dose group. Kidney weight was lower in the AS2444697-treated animals which might be due to less fibrosis which so far is only speculative as there is no quantitative measurement of, for example, hydroxyprolin content because evaluation of fibrosis in light microscopic slides is rather subjective and can just give us a hint whether there are huge effects. The same is true for all other histological parameters. Especially in interstitial cell infiltration, we would consider quantification by staining with a pan-leukocyte marker as gold standard. Of particular interest would be a quantification of the immunophenotype of infiltrating cells in the remnant kidney as this would give precious information on the mechanism of amelioration of kidney function.
Systemically administered AS2444697 will most likely block IRAK-4 in every cell, shutting down a crucial TLR pathway. Thus, the effects observed might be caused by a reduced infiltration of cells that are functionally deficient of TLR/IL1R pathways and consecutively reduce tissue damage and the release of endogenous TLR ligands. On the other hand, tubular cells and other kidney cell structures also show a significant amount of TLR/IL1 receptors, and AS2444697 will also block inflammation in these cells.
The role of inflammation and fibrosis in chronic kidney disease
Kidney slides derived from patients with chronic renal insufficiency always reveal the same findings: tubular atrophy, tubular dilation, interstitial fibrosis, glomerular scaring, arteriolar wall thickening, and infiltration of inflammatory cells in the interstitial space. Based on these histological features and taking into account the possible pathophysiology, pharmacological interventions were primarily based on blood pressure lowering and the reduction of glomerular filtration with the use of angiotensin-converting enzyme inhibitors and AT1 receptor antagonists. These agents have been associated to antiproliferative, antifibrotic, and also antiinflammatory effects in the same model (Heemann and Lutz 2013; Szabo et al. 2000) as well as in humans.
However, trials combining angiotensin-converting enzyme inhibitors with AT1 receptor blockers were very disappointing so that the use of sequential blockade is not recommended at the moment for most patients (Persson and Rossing 2014) .
Therefore, other therapeutic options would be very welcome for the treatment of patients with CKD. In this context, a combination with an antiinflammatory drug that does not have an influence on blood pressure might be a safe add-on as too aggressive blood-pressure lowering did have an adverse effect on hyperkalemia, acute kidney injury, and the incidence of major cardiovascular events (Fried et al. 2013 ). Lots of attention have recently been drawn to the new drug bardoxolone that activates nuclear 1 factor (erythroid-derived 2)-related factor 2 (Nrf2) transcription factor. The Nrf2 pathway is severely compromised in diabetic nephropathy and other entities of kidney disease and therefore activation was thought to slow the progression of kidney disease. Unfortunately, this was not the case and, even worse, there were more hospitalizations and deaths from cardiovascular events so that the trial was terminated before completion (de Zeeuw et al. 2013) .
Is there evidence that blocking innate immunity might help to prevent acute or chronic kidney failure?
To start with, there is no published data on the use of any TLR antagonist for slowing CKD in patients. The TLR-4 receptor antagonist eritoran (E5564) has been used in the treatment of sepsis in humans with no effect on 28-day mortality (Opal et al. 2013) . Even without being effective to treat septic patients, in this study, adverse events were comparable in the placebo and the treatment group and the drug was safe at least in the treatment window of 28 days.
Is there data from animal models that hint at a function of the TLR system in mediating CKD? The answer is plenty. Currently (July 2014), there are 429 citations for TLR and kidney mainly focusing on acute and chronic kidney injury in animal models. One of the crucial works linking innate immunity and acute kidney injury could show that TLR2-deficient mice are protected from renal ischemia/reperfusion injury (I/R) (Leemans et al. 2005 ). This finding was confirmed for TLR 4 and double-deficient mice for TLR 2/4 in the same model (Rusai et al. 2010) . Moreover, the blocking of IL-1 RA was able to ameliorate kidney injury in a rat model of I/R (Rusai et al. 2008 ).
An analogy to the 5/6 nephrectomy model is the model of chronic allograft damage in either rat or mice. In this model, TLR-deficient mice develop less inflammation, less infiltration of inflammatory cells, and most importantly better excretory renal function over time. Interestingly, the release of endogenous ligands in the kidney graft did not go down after the initial event of ischemia reperfusion but stayed rather high speaking for a self-sustaining cycle of TLR ligand release and TLR stimulation (Wang et al. 2010) . Protective effects by deletion of TLR genes have also been demonstrated for the prevention of rejection in other organ systems.
To our knowledge, even in animal models apart from one work with eritoran for preventing I/R, no pharmacological intervention investigated the effects of a block of the TLR system in kidney disease (Liu et al. 2010) . As promising as interfering with the TLR system might sound and as promising the results of experimental studies in animal models have been, to date, the data on use in humans is limited, not to say absent. One reason might be safety concerns as the TLR system is an essential part of every cell in the body. Permanently interfering with the TLR system which would be necessary in chronic kidney disease is a very promising but also very dangerous target as blockade might favor infections or trigger or sustain tumor growth. Data on downstream blockade of inflammation with tumor-necrosis-factor alpha blockers-a substance group which has been very well established in rheumatology and is considered a safe treatment option in this field-is very rare for treatment of chronic kidney disease (Venegas-Pont et al. 2010 ). In conclusion, the work of Kondo et al. (2014) is very important as it offers an alternative or add-on possibility to established medication interfering with the renin-angiotensin system. Before the substance can be used in human trials, considerable additional research is needed in animal models to prove that the substance is safe enough to go to phase I because the TLR system is such a mighty and potentially uncontrollable target.
